EDITORIAL COMMENT In this histological study of surgical specimens it has been shown that duodenal ulcer is associated with mild inflammation and gastric ulcer with marked changes and degeneration with metaplasia.
Very few detailed descriptions of the antrum are available in the literature, yet the importance of this organ has been stressed by many writers in the past (Konjetzny, 1928; Faber, 1935; Hebbel, 1943; Magnus, 1954; Dean and Mason, 1964; and others ). An attempt has been made in this laboratory to study the gastric antrum in normal stomachs and in duodenal and gastric ulcer in greater detail.
METHODS
One hundred and thirty specimens were examined. Seventy-five of these were surgical specimens from cases of duodenal ulcer and 40 from cases of gastric ulcer. Sixteen were from post-mortem specimens removed within a few hours of death, in which as far as could be ascertained, there was no question of gastrointestinal disease. The surgical specimens were opened immediately after operation by cutting along the greater curvature and they were pinned out with care on cork mats. They were formalin fixed immediately. The specimens with duodenal ulcer had a cuff of duodenum some 5 cm. in width. The amount of duodenum in gastric ulcer specimens was much reduced, but all the specimens showed an intact sphincter. The proximal portion of the specimen consisted of gastric mucosa.
After fixation, the specimens were photographed. The size of the photograph was exactly the same as the size of the stomach. A tracing was made from the photograph onto thin paper. The whole of the specimen was cut into longitudinal strips 1-Ij cm. broad. Transverse cuts were then made through the strips at three places, the result being 30-40 shorter pieces measuring approximately 6 cm. in length. A plan of these cut strips was made on the tracing from the stomach. The strips were numbered and these numbers entered on the plan. The strips were then processed, blocked in wax, and sectioned on a sledge microtome. The boundary between the antrum and the body mucosa was studied and mapped out and the surface area of the antrum measured with a planimeter. This procedure enabled us to study thoroughly all of the gastric mucosa and get acquainted with the whole of its cellular topography.
The stains used in this study were haematoxylin and eosin and Zimmerman's stain using the method described by Marks and Drysdale (1957) ; also 30 specimens were stained with Van Gieson stain. The Zimmerman stain was used to show up well the parietal, peptic, and mucous cells. The Van Gieson stain was used to show the increase in fibrous tissue in the mucosa and submucosa.
RESULTS

CLASSIFICATION OF THE INFLAMMATORY CHANGES The
inflammatory changes in the antral mucosa were classified as follows: 1 Changes showing inflammatory reaction and no destruction of pyloric glands, and according to severity, divided into grades Al and A2 (Figs. 1 and 2); 2 changes resulting in damage and destruction of the pyloric glands with increasing amounts of intestinalization. The final stage showed complete atrophy. According to severity this degree of change was subdivided into Bi (less than 25% reduction in glands), B2 (25-50 % reduction in glands), and B3 (50-75 % or more reduction in glands), and is shown in Figures 3, 4 , and 5.
THE ANTRUM IN DUODENAL ULCER Of the 75 cases of duodenal ulcer, 71 were in males and four were in females.
The duodenal ulcer was situated at the distal boundary of the antrum. In about one-third of the specimens, the ulcer was situated adjacent to the pyloric mucosa, the remainder most often occurring 1 cm. or so distal to the sphincter. The rest of the duodenal mucosa appeared normal. In six cases the ulcer was found to lie across the boundary and to extend into the distal part of the antrum. These cases were mostly those in which the ulcer lay along The inflammatory changes were diffused and involved the whole of the antral mucosa. Most of the cases fell into grade Bi (Table II) . The changes were more severe in the mucosa along the lesser curvature near the boundary zone between antrum and body, this part being furthest removed from the region of the ulcer. In the B grades there was found in this area an increasing proportion of stomachs with erosions and shallow ulcers. These diffused inflammatory changes were in very marked contrast with neighbouring body mucosa which appeared entirely normal. The line of transition from inflamed antral to body mucosa was sudden and easily discernible (Fig. 6 ).
In the more severe grades of inflammation, there was an increase in fibrous tissue in the submucosa.
THE ANTRUM IN GASTRIC ULCER Of the 40 cases of gastric ulcer, 23 were in males and 17 in females.
The most severe inflammatory changes were found in gastric ulcer cases. These showed widespread destruction of pyloric glands, increasing intestinalization, and in a few cases complete mucosal atrophy. A number were found in grade Bi, but as can be seen from Table II , at least three-quarters of the cases occurred in grades B2 and B3. There was also very marked fibrosis in the submucosa. This was marked in areas furthest from the ulcer.
The ulcer itself was situated, as others have noted, near to the proximal boundary of the antrum along the lesser curvature (Magnus, 1954; Minoru Oi, Kingo Oshida, and Sadao Sugimura, 1959) . It was found either entirely surrounded by antral mucosa or else partially surrounded by it with the proximal part lying in the boundary zone. It could more justifiably be termed an antral ulcer. It was almost invariably single, only one specimen showing two ulcers, both in this region. The adjoining body mucosa showed a zone of severe gastritis extending for a number of centimetres around it. In a quarter of the cases, the ulceration with its accompanying zone of gastritis had occurred high up the lesser curvature. Although examination could not be as thorough with the ulcer in this situation, there seems little doubt that these ulcers occur at the boundary of body with cardiac mucosa, and that ulceration of this kind is not uncommon.
In seven stomachs the ulceration had been severe enough to have produced stenosis of the pyloric antrum. In spite of the existence of stasis in these stomachs, the main inflammatory changes were still to be found in the antrum. Magnus (1954) has recorded that of 439 cases of chronic gastric ulcer, 54% of the ulcers occurred over 7-5 cm. from the pylorus in women in comparison with 28 % in men. The record of40 specimens in this collection is found in Table III . Although the numbers are small, the preponderance shown is very slight, 45 % occurring over 7 5 cm. in women in comparison with 41 % in men.
It might be remarked here that in this study of the antral mucosa, both in the normal and in cases of disease, apart from the transitional zone at the boundary between pyloric and body mucosa, none of the slides showed the presence of parietal and peptic cells. These were confined entirely to the body mucosa. These findings do not confirm the statement made by some authors, for example, Radasch (1921) and Palmer (1954) . that parietal cells are to be found in antral mucosa in small numbers.
There was in the cases of gastric ulcer a rather less abrupt transition from antrum to body mucosa, although in the Bi grade the transition was often as sharp as it was in the duodenal ulcer cases. The remainder of the body mucosa showed a patchy gastritis of variable degree, but there did not appear to be a reduction in parietal and chief cells. -- Fig. 7 and Fig. 8 compares the total area of the stomach in the normals with the total area found incidentally in 18 cases of ulcer at necropsy. The mean differences in Fig. 8 figure as in the normals, whereas the figure for the greater curvature is in the region of 18 % (Tables V and VI) . From Table V it will be seen that the sphincterboundary zone distances in ulcer cases along the lesser curvature show considerable variation from 5 to 12 cm. The ulcer was found in most cases at the boundary, and it is apparent that it may vary considerably from the position of the incisura wherever that may be placed. The sphincter-boundary zone distance along the greater curvature also showed considerable variation, but in no case in either ulcer or normal stomachs was the boundary zone found at the pyloric sphincter but always several centimetres proximal to it.
The general outline of the antral mucosa in the normal was a saddle shape, and in the ulcer cases it was larger and more roughly cylindrical, the latter shape the one depicted in some anatomical textbooks, e.g., Gray, Morris, Cunningham.
Included in Table V The increase in area was found in both sexes, and no significant difference in variation in size in gastric and duodenal ulceration could be found between them.
It would also appear that the increase in area is associated with an increase in severity of inflammation. This is found in grades A2 and Bi (Fig. 9 ) in the cases showing mainly duodenal ulceration and is more obviously shown in grades B2 and B3 (and Faber (1927-35) found the changes to be confined sometimes more than one) occasion before to the antrum, and his material included resected operation. It was therefore possible to relate the specimens in which a gastroenterostomy had been basal secretion to the histological grading. The performed previously. In these cases the changes results are shown in Table VII. were confined to the antrum and did not involve the body where the gastroenterostomy opening lay. The antrum in patients with duodenal and gastric ulcers much increased, and is not so often found in duodenal ulcer. The maximum changes occur in the region of the lesser curvature.
Having localized the changes to the antrum, most authors have held the view that the inflammatory changes have preceded the ulceration, and that the inflammation of the antrum is the more fundamental change, upon which the ulceration has been superimposed. This view was certainly taken by pathologists who based their conclusions on examination of post-mortem material before surgical specimens became available in large amounts. Stewart (1922-23) , as the result of painstaking examination of 1,500 stomachs at necropsy and 120 operation specimens, expressed the view that the ulcer was preceded by microscopic erosions and macroscopically visible shallow (subacute) ulcers both in the duodenum and antrum. Most of these would heal, but other factors, not necessarily those producing the erosions, would result in a chronically inflamed ulcer. This, although often multiple in the duodenum, was usually single in the stomach. The chronic ulcers tended always to heal in time, and gastric ulcer scars were commonly found in this material. He noted that healing only infrequently produced stenosis. Faber (1927) and Konjetzny (1928) described all stages in the evolution of the chronic ulcer from numerous small inflammatory erosions and held the view that the inflammatory changes preceded the ulceration. Faber also discussed the experience of surgeons who had furnished him with cases in which there had been a diagnosis of duodenal ulcer on radiological evidence with marked hyperchlorhydria. At operation no ulcer was found, but a severe antral inflammation with multiple erosions. These cases do not occur with great frequency, and individual cases have been written up and are found scattered throughout the literature (for example, Papayannopoulos, Dedes, Kasralis, and Arealis, 1957; Gilmour, 1961) . Faber noted that erosions did not occur with great frequency and this may be the result of most of the stomachs removed at operation being in a more or less quiescent stage. Magnus found (1946) a similar state of affairs on examining 20 normal stomachs at necropsy and 100 partial gastrectomy specimens. The antral mucosa showed all stages from microscopic erosions to complete intestinalization. The intestinalization was characteristic more of the gastric than the duodenal ulcer. He pointed out that erosions were not as frequently found as one might expect; he found it in 4% of his cases. Magnus (1952) , on the basis of an examination of 284 specimens with active gastric ulcer, found it in 7%. Thompson (1959) The gastric ulcer was described by Stewart (1923 a and b) as lying almost invariably along the lesser curvature near to or at the incisura (Hurst and Stewart, 1929) . More recently authors who have made a detailed study of the histology of the antral mucosa describe the gastric ulcer as being invariably situated in the antrum. Magnus (1954) , in an analysis of 421 cases of gastric ulcer, comes to the same conclusion. This point was also made by Oi et al. (1959) who examined 149 cases of gastric ulcer. The same conclusion was reached by Dean and Mason (1964) as the result of examining 117 partial gastrectomy specimens. Du Plessis (1963), however, found on examining 41 cases that 70% occurred in the antrum and 29 % in the fundic mucosa. He attributes the findings of other authors to the pylorization accompanying the development of a gastric ulcer in the body mucosa, which would make it appear that the ulcer lay in the pyloric gland area, whereas in reality it lies in a more proximal position.
It has been tacitly assumed in the past that although it is likely that the gastric ulcer develops on the basis of an inflammatory degeneration of the mucosa, the duodenal ulcer is a different manifestation of the disease, and it is only by chance that the two are occasionally found to coexist (Tanner, 1954; Johnson, 1955) . However, authors who have collected statistics for combined ulcers are usually of the opinion that the number of coexistent ulcers in any numerous set of gastric and duodenal ulcers is too large to be the result of chance. Weisberg and Glass (1963) in their review of this topic have included figures from radiological, surgical, and post-mortem studies by a dozen authors. The post-mortem figures collected over many years are particularly impressive (Watkinson, 1960) . The figures for combined ulcers in gastric ulcer cases show a considerably high percentage ranging from 30 to 40, whereas, as might be expected, those from cases of duodenal ulcer are very variable and considerably lower. It is pointed out by many authors interested in this aspect, perhaps because most of them are surgeons, that it is not an uncom-mon experience for a surgeon on clinical and other evidence to regard the case as one of duodenal ulcer, and at operation several years later to find an active gastric ulcer with evidence of duodenal scarring. This makes it likelythat in many, if not most cases of ulcer, a duodenal ulcer develops first and a gastric ulcer develops later after the duodenal ulcer has healed. Unfortunately this leaves unanswered why only a small number of patients in comparison with the total develop a gastric ulcer. The healing of the duodenal ulcer has been ascribed to the decrease in secretion in the later stages of the disease.
The results of this investigation substantiate most of the findings of previous investigators that the main inflammatory changes were to be found in the antrum. These changes were of varying degrees of severity from the relatively mild changes in cases of duodenal ulcer to the severe degeneration and diffused metaplasia found in most cases of gastric ulcer. The changes, although involving the whole of the antral mucosa, stopped abruptly at the proximal border. The widespread involvement did not appear to be secondary to the ulcer. It is just as intense in cases where there is a healed scar only as in cases with a large active ulcer. The inflammatory reaction was more pronounced at the proximal border than in the proximity of the ulcer. These findings suggest that the inflammatory reactions are a primary manifestation and that the ulcer is a sequence to these more profound changes.
The pathology of the surgical specimens fell into two groups:
1 INFLAMMATORY CHANGES Lymphocyte and plasma cell infiltration involving in varying degree the whole depth of the mucosa, but the pyloric glands remaining intact: these changes were associated with excess secretion of acid and pepsin and the development of duodenal ulcer.
progressive degeneration of the pyloric glands, patchy metaplasia; complete disappearance of the pyloric glands and complete intestinalization and thinning of the mucosa with fibrosis of the submucosa. These changes were usually associated with hyposecretion of acid and pepsin and gastric ulcer. Cases with complete achlorhydria usually show an antrum with complete metaplasia. There is both in the duodenal and gastric ulcers a wide range of histological appearances of the antral mucosa, corresponding to those given in the classical accounts, with a high proportion of cases showing concomitant ulceration. This strongly suggests that the two groups correspond to an early and late stage of what is essentially one continuous pathological process, proceeding with increasing severity over the years. The body mucosa appears to have a high degree of resistance, it appears normal in cases of duodenal ulcer, and shows only patchy superficial inflammatory reaction in cases of gastric ulcer. There is no apparent decrease in its parietal and peptic cell population. The area showing the weakest resistance appears to be the zones forming the boundary between the two cellular populations. Three such zones are to be found: (1) the boundary between the cardiac glands and the body mucosa; (2) the boundary between body mucosa and antrum; and (3) the boundary between antrum and duodenum.
The early changes consist of the development of inflammation and ulceration of the duodenal mucosa adjacent to the sphincter. The severity of the disease may not for many reasons be so severe that antral resistance is completely broken down, but in some cases there is deterioration to a point beyond which no repair is possible and metaplasia occurs. Chronic ulceration will occur at a site nearest the acidsecreting body mucosa.
As a result the inflammatory changes are not found in the duodenum as a whole and stop abruptly at the proximal boundary of the antrum, and the chronic ulceration when found is always at the distal margin of the proximal and distal boundaries. These findings lend strong support to the idea that the acid secretion from the body mucosa is a major factor in the production of the inflammatory changes.
It is possible that the factor of stasis plays a part, but this is difficult to assess. It may be significant that when organic obstruction is present, the inflammatory changes are most marked distal to the obstruction, which would suggest that the factor is not ofgreat consequence.
It seems likely that the hyposecretion found in the later stages of the disease results more from degeneration of the antral mucosa than injury to the body mucosa (for an opposing view see Marks and Shay, 1959) . Although degenerative changes are found in the region of the ulcer, the body mucosa appears to be intact when sufficient of the specimen is present for adequate histological examination. In the material examined here the body mucosa in gastric ulcer cases did not differ in structure from the mucosa in duodenal ulcer cases, and except for a gastritis of patchy and variable character, there was little difference from the normal. It was also of interest to note that in the cases in which a full fractional gastric analysis had been done, it was unusual for there to be no response to ordinary doses of histamine, and it seems likely that in doubtful cases a more marked response might have been forthcoming had the dose of histamine been increased. In fact in most cases the response was marked. This corresponds to the results of other authors who have investigated the hypochlorhydria following gastric ulcer (James and Pickering, 1949; Watkinson and James, 1951) . It indicates that most of the body glands are still functioning. The degeneration of the antral mucosa must produce a decrease in its endocrine activity and in the late stages all activity would be destroyed. Also the submucosal fibrosis may well interfere with innervation. It seems unlikely that abnormal production of hormone is responsible for the development of a gastric ulcer (for an opposing view see Dragstedt et al., 1954) .
The measurement of the total extent of the gastric mucosa in stomachs with and without ulceration shows that the rather larger size of the stomachs with ulcer is the result of increased size of the antrum, which is present in both duodenal and gastric ulcer cases but is more marked in gastric ulcer. Although some cases of gastric ulcer show extensive pylorization of the body mucosa near to the boundary, this does not prevent the boundary from being mapped out with reasonable accuracy. The enlarged antrum in these cases may explain the leaving behind of appreciable amounts of antrum after partial gastrectomy in some cases. It is of interest to consider that from the earliest days of gastric surgery, a less radical operation commonly practised for the treatment of gastric ulcer would be unsuitable for the treatment of a duodenal ulcer. This is very likely due to the marked changes found in the antral mucosa in cases of gastric ulcer, that is, degeneration of pyloric glands, metaplasia, and atrophy. It is reasonable to assume that these changes have affected the secretory activity of the antrum, reducing or destroying it. The unsuccessful results in duodenal ulcer cases are due to the leaving behind of a more or less intact antral mucosa with the persistence of hypersecretion, and tendency to recurrent ulceration. A patient with a partial gastrectomy and recurrent ulceration often shows that some antral mucosa has been left behind (Dean and Mason, 1964) .
It seems from the findings here that increased size is in some way connected with more severe grades of degeneration of the antral mucosa and eventual hyposecretion. Before more concrete suggestions can be made as to the significance of these anatomical findings, much more will have to be known about the physiology of gastric secretion in man. SUMMARY Seventy-five surgical specimens of duodenal ulcer and 40 of gastric ulcer were sectioned and graded according to the severity of the inflammatory changes in the antral mucosa. The main changes were found only in the antrum, and were primary and independent of the ulcer. Duodenal ulceration was associated with mild inflammation, and gastric ulceration with marked changes and degeneration with metaplasia. The degeneration was accompanied by diminution in gastric secretion. The size of the antrum in cases of ulcer was found to be increased when compared with that in 16 normal stomachs. The possible significance of this finding is discussed.
